Purpose: A substantial proportion of cancer survivors experience fatigue after diagnosis. Physical activity (PA) can impact fatigue after cancer. In this study, we evaluated the prevalence and association of fatigue and the practice of PA in a population with early cancer. 
| INTRODUCTION
There are currently more than 24 million cancer survivors between the United States and Europe. Prostate, breast, and colon cancer represent the most prevalent cancers and the vast majority of these patients will be alive at 5 years after diagnosis 1, 2 ; in Europe, the 5-year relative survival rate is ≈80.0% for prostate and breast cancer and ≈60.0% for colon cancer. 3 Nevertheless, a substantial proportion of these patients will experience long-term toxicity associated with cancer treatments that can have a substantial impact on comorbidities, quantity and quality of life, social and psychological functioning. 4, 5 Therefore, management of long-term side effects of cancer treatments has become an essential part of clinical cancer care for this growing group of cancer survivors.
Cancer-related fatigue represents one of the most frequent and distressing side effects of cancer treatment. 6 Based on prior studies, most of which have small sample sizes, cancer related fatigue appears to be related to several pretreatment characteristics including: (a) contextual characteristics such as marital status and low income; (b) patient characteristics such as younger age, presence of comorbidities pre-existing fatigue, high body mass index (BMI), and concomitant complaints of loneliness, high levels of stress, depression, anxiety, and sleep disturbances 6, 7 ; (c) tumor characteristics such as advanced tumor stage; and (d) treatment characteristics such as intensity and type of treatment. 8, 9 Previous research, including a meta-analysis, 10 has also suggested that behavioral interventions such as increasing physical activity (PA) may have a favorable impact on the modulation of fatigue [11] [12] [13] [14] [15] which led to the general recommendation of proposing exercise for those who experience fatigue after cancer. 16 Vie après le cancer 2 (VICAN 2) study is a multi-institutional national French study, in which patients were surveyed 2 years after diagnosis. Patient-reported outcomes included fatigue determination and ad hoc self-assessment questions focused on PA. In this study, we used VICAN 2 to describe, at 2 years post cancer diagnosis, the prevalence of fatigue, the exposure to PA practice, and their associations. The purpose of this analysis is to investigate the magnitude of the problem of long-term fatigue among French cancer survivors and the use of PA among this population. 
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A medical questionnaire concerning each patient was also collected by the physician who had initiated cancer treatment, compiling the following information: tumor histology, grade, size, stage, and type of treatment received. The medical survey was completed by 87.7% of participants 15 and is available on the "Centre Maurice Halbwachs" web site.
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Additional details on the VICAN 2 study have been previously published. 
| Study cohort
Of the 4347 patients enrolled in VICAN 2, we selected only patients with breast, prostate and colorectal cancer (n = 2315), since these are the most prevalent diagnoses among long-term cancer survivors being therefore good survivorship models. Furthermore, we excluded patients with evidence of distant and local relapse (n = 204), patients with a second malignancy (n = 23), patients who experienced serious events (eg, cerebral stroke, car accidents [n = 64]) between diagnosis and the time of survey (2 years after diagnosis) and patients under treatment by chemotherapy at the time of survey (n = 34). There was a 99.7% completion rate of all fatigue-related questions. Patients that did not answer at least 2 out of 3 fatigue-related questions from the EORTC QLQ C30 questionnaire were also excluded (n = 6). The final analytic cohort included 1984 patients ( Figure 1 ).
| Key variables

| Primary outcome
The primary outcome of interest was the presence of severe fatigue at 2 years after diagnosis, defined by a score of EORTC QLQ-C30 ≥ 40.
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| Independent variables
Our main independent variable was PA defined (a) practice of PA before diagnosis (active vs inactive), (b) change in PA since diagnosis (decreased exposure/remaining inactive vs increased/maintained exposure). These two variables were assessed using the following questions: "Before your illness, did you practice regular PA (sport, gardening, household, walking, in the context of your work/hobbies? (yes, every day; yes, less often; no) and "Since the diagnosis of your illness, have you modified your PA? (yes, more than before; yes, less than before; yes, completely stopped; no).
| Covariates
We also looked at two main groups of variables: (a) Patient, social, demographic, and tumor features and (b) treatment features. The patient, social demographic and tumor features included: gender (female, male), age at diagnosis (continuous variable), marital status (in couple, alone), educational level (high school or more, less than high school) and employment (employed/formation, unemployed, retired/invalidity), comorbidities (no, yes), pain in the last 15 days (never, sometimes, often, very often, constantly), BMI at diagnosis (underweight [<18 (−10 to +10%, ≤-10%, ≥+10%), alcohol consumption (<4/ week; ≥4/week), smoking (no, yes). In addition, among smokers, the following information was also collected for a descriptive purpose: smoking frequency (daily, less than daily), numbers of cigarettes per day (1-5, 6-10, 11-20, more than 20, other). The treatment features included: surgery (no, yes), chemotherapy (no, yes), radiation therapy (no, yes), and endocrine therapy (no, yes).
| Statistical analysis
First, we performed a baseline description of our cohort. We examined the presence of severe fatigue by the prespecified independent variables and covariates, using chi-square test for categorical variables and analyses of variance for continuous variables. Secondly, we used multivariate logistic regression models to evaluate the association of severe fatigue with the pre-specified independent variables and covariates. Patients were stratified by tumor site (breast vs prostate vs colorectal cancer). A complete dataset analysis was performed. Sensitivity analyses using linear regression models with fatigue modeled as a continuous variable were also performed. All statistical analyses were performed with Stata software version 14.0. Two-sided P values less than 0.05 were considered statistical significant. 
T A B L E 1 Characteristics of the whole cohort and by report of severe fatigue at 2 years after diagnosis cancer survivors, respectively. Nighty-one percent of patients underwent surgery, 45.4% received chemotherapy and 64.2% received radiation therapy. Forty-six percent of patients had received or were still on endocrine therapy (Table 1) . Most of patients (87.7%) reported having been physically active before the diagnosis. Among the whole cohort, 45.9% increased or at least maintained PA after diagnosis, whereas 53.3% reported reducing, quitting, or never engaging in PA after cancer diagnosis. Table 2 represents other health behaviors that were reported in this population. PA: physical activity; Dx: diagnosis * P < 0.001; ** P = 0.016; *** P = 0.036
features in both univariate and multivariate analyses. (Table  1 and Figure 2 ).
| Physical activity
There was no impact of exposure to PA before diagnosis on prevalence of severe fatigue after 2 years of diagnosis (inactive vs active patients before diagnosis: severe fatigue 55.8% vs Results from sensitivity analyses were consistent with the main analysis (data not shown).
| DISCUSSION
In a large, contemporary, population-based cohort of 1984 French breast, prostate and colorectal cancer survivors, we found that the vast majority of patients (51.5%) reported severe fatigue 2 years after cancer diagnosis. Although over 90% of patients in this cohort reported having been physically active before diagnosis, a substantial proportion (53.3%) of patients stopped, decreased PA or remained inactive after cancer diagnosis. When examining associations with severe fatigue, this was linked with several demographic, social and treatment features, but also with health behaviors such as change in PA after diagnosis.
Among patients with early stage cancers, most of prior studies consistently have suggested that severe fatigue after cancer treatment is a relevant issue among a considerable population of cancer patients and is associated with significant functional and social impact. Indeed, there are several observational studies reporting a wide range spanning from ≈30 to up to 70% of patients that may suffer from severe fatigue over their survivorship period. 4, [24] [25] [26] [27] The heterogeneity of reported severe fatigue prevalence is probably due to several factors including differences in the definition of severe fatigue, type of measures used, diversity in populations under study and follow-up times. To better explore this, we used a standardized and validated scale for the evaluation of fatigue (EORTC QLQ C30 fatigue subscale) and a large population-based cohort, allowing us to confirm that severe fatigue is a substantial clinical problem among at least half of the most prevalent French cancer survivor populations.
Despite the prevalence of this symptom, limited available research suggests that fatigue is markedly underreported by patients and therefore also under-treated. 9 The complexity and multidimensional features of this symptom may partially explain this relevant gap in addressing such an important issue in survivorship care. Our findings shed further light on the relationship between prevalence of long-term severe fatigue and exposure to PA pre and post cancer diagnosis. Two main aspects in this relationship are noteworthy. First, despite a very high proportion of patients reporting to engage to any extent in PA before diagnosis (almost 90%), there seems to be no association of pre-diagnosis PA and prevalence of long-term fatigue among cancer survivors in our population. Second, in our cohort increasing or maintaining the same level of pre-diagnosis exposure to PA after cancer diagnosis was significantly associated with a reduced risk of severe fatigue 2 years after diagnosis, a finding that is in line with prior studies showing that PA can positively impact fatigue, including a recent meta-analysis of 39 studies which found an improvement of cancer related fatigue with increased PA, (weighted effect size 0.33 [95% CI, 0.24-0.43]). 10 Interestingly, there is a growing body of evidence suggesting that chronic inflammation through neuro-immune activation might be a central contributor to posttreatment fatigue [28] [29] [30] [31] [32] and it is therefore possible that PA exerts its role on mitigating fatigue through the modulation of the inflammation pathways. [33] [34] [35] Taken together, these results indicate that there is room to promote PA practices in this setting, specifically targeting interventions aimed at modulating severe fatigue among the large proportion of patients (53.3%) that reports to have stopped, decreased, or continued to stay inactive after their cancer diagnosis. The issue of sedentary behavior and of the reduction in PA exposure following the diagnosis of cancer is well described also among different populations: for example, among a population of cancer patients in the United States, only 37.0% of breast, 43.0% of prostate, and 35.0% of colorectal cancer survivors would engage in PA as recommended by guidelines. 36 Concordant with other studies, our analysis also suggests that younger age at diagnosis, the presence of comorbidities, high frequency of pain and treatment (type o surgery and receipt of radiotherapy) are associated with fatigue. [6] [7] [8] [9] [37] [38] [39] [40] In particular, previous studies had shown that younger people have more fatigue than older people. 41, 42 In addition, the association of fatigue and pain is well established, and many authors have investigated the etiology and temporal characteristics of their relationship. In our study, a higher frequency of reported pain corresponded to increasingly higher odds of severe fatigue. As previously suggested radiotherapy use was associated with fatigue. 43 This large cross sectional French population-based study that assessed fatigue and use of health behaviors among cancer survivors, together with previous research suggest the need of global implementation of PA interventions among this population. Nevertheless, we have to acknowledge several limitations. First, fatigue was assessed using the EORTC QLQ C30, which is a validated measure for fatigue among cancer patients, yet does not take into consideration the multidimensional aspects of fatigue. Second, behavioral habits such as PA, were evaluated using self-reported and nonvalidated questionnaires, lacking granular information, on specific types of activity (eg, aerobic vs resistance training; activities related to working/commuting vs leisure sports activities) and quantity of activity. Third, this study was a cross-sectional study not allowing a longitudinal evaluation of fatigue and its development and associations over time, making difficult to interpret temporality between fatigue and PA. We cannot exclude that patients with more severe fatigue, might have reduced their PA due to the fatigue. Nevertheless, it allowed us to have an estimate of the problematic of fatigue 2 years after treatment and its relationship with several relevant variables. Fourth, unfortunately many factors that may eventually have a significant impact on fatigue were not available in our dataset and for some variables sample sizes were small, hampering our ability to further and more extensively explore some associations with severe fatigue. Finally, we do not have a healthy comparison population to be able to assess the prevalence and correlates of fatigue in a matched cohort.
| CONCLUSION
In a French population-based cohort of cancer survivors, we found that fatigue is a substantial problem 2 years after diagnosis. Although cancer patients report high levels of pre-diagnosis PA, we found an important decrease in PA posttreatment that is significantly associated with risk of severe fatigue. This study raises further awareness regarding the need of applying targeted interventions in this context to improve the health and well-being of cancer survivors.
